Background: Antiretroviral resistance after short-course regimens used to prevent mother-to-child transmission has consequences for later treatment. Directly comparing the prevalence of resistance after short-course regimens of highly active antiretroviral therapy (HAART) and zidovudine plus single-dose nevirapine (ZDV/sdNVP) will provide critical information when assessing the relative merits of these antiretroviral interventions.
INTRODUCTION
A short course of zidovudine (ZDV) from 34 weeks gestation through delivery combined with a single dose of nevirapine (sdNVP) at the onset of labor is commonly used to reduce mother-to-child transmission (MTCT) in resource-poor settings. 1 However, this and other short-course regimens that end soon after delivery do not affect breastfeeding transmission beyond the early postpartum period. 2, 3 Recent studies suggest that extended prophylaxis regimens given to the infant can further reduce transmission during breastfeeding. 4 In addition, the efficacy of highly active antiretroviral therapy (HAART) taken by the mother through 6 months of breastfeeding is currently being examined in several clinical trials. 3, [5] [6] [7] Even if these extended prophylactic regimens prove efficacious, the development of resistance after their use is a concern. The emergence of resistance has not yet been examined after the extended maternal prophylactic regimens currently under consideration. 3 However, resistance has been documented to occur in HAART interruption studies 8, 9 and in women following standard ZDV and sdNVP regimens used to prevent MTCT, 10, 11 and evidence suggests that even low levels of resistance may reduce the efficacy of later treatment. [12] [13] [14] Resistance to nevirapine (NVP) is of particular concern because single nucleotide polymorphisms that cause amino acid changes, such as K103N and Y181C, are associated with high levels of resistance. 15, 16 These mutations emerge quickly due to high viral mutation rates combined with selective pressure provided by NVP (half-life 45 hours), which can be found in plasma up to 3 weeks after a single dose. 16, 17 Although combinations of antiretrovirals may reduce the incidence of NVP resistance, the addition of short-course ZDV, which ends at delivery and has a short half-life (1-2 hours), results in minimal coverage of NVP during the postpartum period. However, the addition of lamivudine (3TC), with a half-life of 5-7 hours, included in HAART (ZDV, 3TC, NVP) may provide better coverage of NVP during the period after drug cessation.
Resistance after sdNVP alone or in combination with short-course ZDV has been detected in 36% (95% confidence interval: 23% to 51%) of women 4-8 weeks postpartum. 11 These studies utilized standard sequencing assays, which can detect resistant viral variants that comprise .20% of the virus population. The use of more sensitive assays suggests that resistance can occur in up to 87% of women 4-8 weeks after sdNVP. 10, 11 Few studies have examined the prevalence of resistance after short-course HAART used to prevent MTCT, 18 and none have directly compared the prevalence of resistance after short-course HAART with standard prophylactic regimens. Here we utilize both population-based sequencing and highly sensitive allele-specific polymerase chain reaction (PCR) assays to examine nonnucleoside reverse transcriptase inhibitor (NNRTI) resistance 3 months (12 weeks) after treatment. In this randomized trial, we compare the prevalence of resistance in women treated with short-course HAART with women treated with standard ZDV plus sdNVP prophylaxis.
METHODS

Study Population and Sample Collection
A randomized clinical trial was conducted in Nairobi, Kenya, with a primary outcome to compare the effect of 2 antiretroviral regimens on HIV-1 levels in breast milk. The institutional review boards at the University of Washington, United States, and Kenyatta National Hospital, Kenya, approved the study. The ClinicalTrials.gov identifier was NCT00167674. The methods for enrollment, randomization, follow-up, and sample collection have been described elsewhere. 19, 20 Briefly, pregnant women were screened at 32 weeks gestation, blood was collected, and CD4 count was determined. If the CD4 count was ,200 cells per cubic millimeter or .500 cells per cubic millimeter, the subject was ineligible for randomization and was referred to a treatment center for free HAART or to the antenatal clinic for standard HIV-1 perinatal care, respectively, according to the World Health Organization guidelines at the time the study was conducted, as previously described. 19 Eligible women were randomized at 34 weeks gestation to receive either (1) ZDV (300 mg twice daily) for 6 weeks before delivery plus NVP (200 mg) during labor and NVP (2 mg/kg) to the infant after delivery or (2) HAART (300-mg ZDV, 200-mg NVP, 150-mg 3TC) twice daily for 6 weeks before and 6 months after delivery.
During follow-up, maternal blood was collected at delivery, 2 weeks, and 1, 3, 6, 9, and 12 months postpartum. Blood samples were centrifuged to separate plasma from peripheral blood mononuclear cells. Plasma samples were frozen and shipped to Seattle, WA, in liquid nitrogen and stored at 280°C until use. HIV-1 RNA levels were measured in plasma by the Gen-Probe HIV-1 viral load assay (Gen-Probe Incorporated, San Diego, CA). 21, 22 Subsequently, viral RNA was extracted from a second aliquot of 140 mL from the same plasma sample using a Qiamp viral RNA kit (Qiagen, Valencia, CA) according to the manufacturer's instructions.
Construction of Wild Type, K103N, and Y181C RNA Standards
A portion of the HIV-1 pol gene was subcloned from full-length proviral clones of subtype A (pQ1123, accession# AF004885) and subtype D (p2059, accession# AF133821) into PCR4-TOPO (Invitrogen, Carlsbad, CA). Subsequently, site-directed mutagenesis was performed to independently introduce K103N (AAC) and Y181C (TGT). Both the wildtype and mutant HIV-1 pol plasmids were purified (Qiagen miniprep kit, Valencia, CA) and linearized, followed by T7 or T3 transcription using the Ambion Megascript kit (Ambion; Austin, TX). Wild type, K103N, or Y181C RNA standards were quantified by ultraviolet spectroscopy diluted to 10 4 copies per microliter in carrier RNA and stored at 280°C until use.
Population-Based Sequencing to Detect Drug Resistance
A 645 base pair region of HIV-1 pol was amplified using nested reverse transcriptase-polymerase chain reaction (RT-PCR). First round RT-PCR was performed with the SuperScript III one-step RT-PCR kit (Invitrogen) in a volume of 25 mL with final concentrations of 4 ng/mL each of primers RT18 (5'-GGAAACCAAAAATGATAGGGGGAATTGGAGG-3') and RT21 (5'-CTGTATTTCTGCTATTAAGTCTTTTGATGG-3'), 23 1x reaction mix to which 0.5 mL SuperScript III RT/Platinum Taq mix and 2 mL of either extracted viral RNA, no-template controls, or mixtures of mutant and wild-type RNA transcripts were added. Thermocycling conditions were 45°C for 60 minutes; 95°C for 2 minutes; 35 cycles of 95°C for 30 seconds, 55°C for 30 seconds, and 72°C for 2 minutes, followed by 72°C for 10 minutes.
Subsequently, a second-round PCR was performed in 50 mL with final reagent concentrations of 5 ng/mL primers RT1 (5'-CCAAAAGTTAAACAATGGCCATTGACAGA-3') and RT4 (5'-AGTTCATAACCCATCCAAAG-3'), 23 2.5 mM magnesium chloride, 0.2 mM each deoxynucleoside triphosphate, 1x AmpliTaq buffer, and 1.5U AmpliTaq (Applied Biosystems, Foster City, CA), to which 2 mL of the first-round reaction were added. Thermocycling conditions were 95°C for 2 minutes; 30 cycles of 95°C for 30 seconds, 55°C for 30 seconds, and 72°C for 1 minute, followed by 72°C for 10 minutes.
PCR products of the correct size were confirmed by gel electrophoresis, purified using Exosap (USB, Cleveland, OH), and sequenced by dideoxynucleoside-based analysis using a Big Dye terminator kit (Applied Biosystems) and ABI Prism 3100 equipment. Three sequencing reactions were performed on each PCR product using the following primers: RT4 (as above), pol612-632_F (5'-AATTGGGCCTGAAAATC-CATA-3'), and pol529-548_F (5'-AAACAATGGCCATTGA-CAGA-3'). The resulting nucleotide pol sequences were analyzed using Sequencher, Version 4.5 (Gene Codes Co, Ann Arbor, MI). A minimum of 4 sequences (2 forward and 2 reverse) from each sample were aligned. To differentiate mixed peaks from background noise, a line was drawn such that 95% of the secondary peaks were below the line. A site is then defined as a ''mixed peak'' if the secondary peak is above the background line in at least 3 of 4 sequences. A consensus sequence was made from these sequences and submitted to the Stanford University HIV Drug Resistance Database (http://hivdb.stanford.edu/) for interpretation of drug resistance profiles. In replicate control reactions with this method, we reliably detected mutant sequences when present at or above 20% of total sequence (data not shown).
Viral subtypes were determined from the pol sequences with PAUP* version 4.0b10 24 by creating a neighbor-joining phylogenetic tree with reference sequences from the Los Alamos National Laboratory HIV Database (http://www.hiv. lanl.gov/).
Allele-Specific PCR to Detect K103N and Y181C Mutations
A first-round RT-PCR performed with a common primer set was followed by parallel quantitative allele-specific and total HIV copy real-time PCRs. Two different common primer sets were used in duplicate RT-PCRs to minimize amplification failure due to sequence diversity in the primer binding sites. Each RT-PCR was performed in 25 mL with final reagent concentrations of 4 ng/mL each of primers RT1 and RT4 or RT18 and RT21 and 1x Reaction Mix (Invitrogen) to which 0.5 mL SuperScript III RT/Platinum Taq mix (Invitrogen) and 5 mL of either extracted viral RNA, no-template controls, or RNA standards (either K103N, Y181C, or wild type) were added. Thermocycling conditions were 45°C for 60 minutes; 95°C for 2 minutes; 10 cycles of 95°C for 30 seconds, 55°C for 30 seconds, and 72°C for 1 minute, followed by 72°C for 10 minutes.
First-round product from the 10-cycle RT-PCR was diluted 1:10, and 5 mL were added to parallel reactions of second-round allele-specific or total HIV copy real-time PCR. Each reaction was performed in 25 mL with final concentrations of 1x SYBR GreenER qPCR SuperMix for ABI Prism (Invitrogen), and 4 ng/mL each of forward and reverse primers. To quantify total HIV copies, we used forward primer: pol612-632_F (5'-AATTGGGCCTGAAAATCCATA-3') and reverse primer: pol775-800_R (5'-CCCACATCCAGTACTGTTACT-GATTT-3'). For allele-specific amplification, the forward primer was the same as for total HIV copy PCR, but the reverse primer was replaced by K103N-rev-mut (5'-CCA-CATCCAGTACTGTTACTGATTTG-3') for amplification of K103N mutants and replaced by Y181C-Q23-2-sm (5'-ACATACAAGTCATCCATGTATTGAC-3') for amplification of Y181C mutants. Parallel reactions of total HIV copy, K103N allele-specific, and Y181C allele-specific real-time PCR were performed on the same first-round PCR product using SYBR green detection on an ABI prism 7900HT.
The quantities of total and drug-resistant HIV copies was estimated by comparing the cycle threshold values of samples of interest with those from 10 4 to 10 21 copies per microliter serial dilutions of either wild type, K103N, or Y181C standard RNA template. The proportion of drugresistant virus was determined by dividing the quantity of drug-resistant sequences, as defined by allele-specific real-time PCR, by the quantity of total HIV sequences, as defined by the total HIV copy real-time PCR. Samples were run in duplicate or quadruplicate. To ensure adequate sequence input to detect at least 2% mutant, assay results for each test in which ,20 copies were measured by the total HIV real-time assay were excluded from the analysis. In addition, the total HIV copies in each replicate assay were added together to calculate the total viral copies tested for each sample. Samples in which the sum total HIV tested was less than 50 copies were excluded. For each independent allele-specific assay run on a sample, if the measured drug-resistant copy number was between 0 and 1, the result of that replicate was set equal to zero. The proportion of drug-resistant virus was calculated for each reaction, and if it was below the lower limit of the assay (0.2% for K103N and 2% for Y181C, Fig. 1 ), the proportion for that reaction was set to zero. The average proportion of drug resistant to wild type was calculated by averaging the replicate assay results from each sample tested.
Statistical Analysis
All analyses were intent-to-treat and were performed using Stata version 9.2 (Stata Corp, College Station, TX). Median log 10 plasma viral loads and CD4 counts were compared between treatment arms using the Mann-Whitney U test. Fisher exact tests and univariate logisitic regression were used to determine correlates of NVP resistance.
RESULTS
Study Population
Pregnant women were randomized at 34 weeks gestation to receive either combination ZDV/sdNVP or short-course HAART for prevention of MTCT. Women were included in this substudy if they had a plasma sample available from 3 months after treatment cessation. Of the 28 women originally randomized to ZDV/sdNVP, 4 were lost to follow-up. 19 Of the remaining 24 women, 23 women had plasma samples collected 3 months after treatment cessation (3 months postpartum). Of the 30 women originally randomized to the HAART arm, 6 were lost to follow-up and 2 had adverse events. 19 Of the remaining 22 women, 17 had plasma samples available from 3 months after treatment cessation (9 months postpartum).
At enrollment, the characteristics of the women studied here were comparable between arms. Median CD4 count at 
Resistance Undetectable by Population-Based Sequencing
We used population-based sequencing to examine resistance to any of the nucleoside reverse transcriptase inhibitors (NRTIs) and the NNRTIs at 3 months after ZDV/sdNVP or HAART cessation. To ensure that we tested an adequate number of viral copies to detect resistance at the .20% level possible with population-based sequencing, we estimated the number of HIV copies we added to each RT-PCR for amplification before sequencing. This estimate was based on the plasma viral load measured by the Gen-Probe HIV-1 viral load assay (Table 1) . A median of 528 viral RNA copies (range 5-2884) was put into the first-round RT-PCR reaction. Of the 40 samples tested, we were not able to amplify the viral RNA from 1 woman in the HAART arm. However, the estimated RNA input from that sample was #5 copies. Of the remaining 39 samples tested, 3 (7.7%) had an input of fewer than 50 viral RNA copies, 7 (18%) had an input of 50-100 copies, whereas 29 (74%) had an input of over 100 copies based on original plasma viral load data. Although the true copy input may have been 2-to 5-fold lower due to loss of RNA during extraction (data not shown), even with a 5-fold loss, we estimate to have sequenced at least 10 copies in 92% of samples tested.
The population-based sequencing method used here provides sequence data from codon 30 to codon 225 of RT and is therefore capable of detecting the majority of mutations known to confer resistance to any of the NRTIs or NNRTIs. By this method, none of the samples in either of the 2 treatment arms showed detectable levels of resistance to any of the NRTIs or NNRTIs.
Phylogenetic analysis of this pol sequence data indicates that the majority (72%) of women were infected with subtype A viruses, whereas fewer, 18%, 5%, 2.6%, and 2.6% were infected with subtypes D, C, G, and A/C recombinant, respectively (Table 1) .
Frequency of K103N and Y181C Resistance Mutations Detected by Allele-Specific PCR
We used allele-specific PCR to examine low levels of K103N and Y181C viral variants in the samples from 3 months after treatment cessation. We limited this analysis to the 27 samples (16 and 11 in the ZDV/sdNVP and HAART arms, respectively) in which at least 50 cumulative viral RNA copies were tested in the 2-4 independent RT-PCRs (see Methods and Table 1 ).
The levels of K103N detected by allele-specific PCR ranged from 0.8% to 3% of total virus, and levels of Y181C ranged from 1.1% to 14.2% (Table 1 ). The levels reported are averages of the repeated allele-specific PCR measurements on each sample. For each replicate, we set the proportion of resistance to zero if it was below the lower limit of the assay as defined by replicate testing of wild-type controls: 0.2% and 2% for the K103N and Y181C assays, respectively (Fig. 1) . Therefore, in 2 cases in which a sample had replicate results both above and below the lower limit for a single allele-specific assay, the average reported is less than the 2% lower limit for Y181C (Table 1) . For example, the results for duplicate Y181C assays on virus from patient 569 were below detection (set to zero) for duplicate 1 and 2.2% for duplicate 2. Therefore, we report the estimated proportion of Y181C virus in that patient to be 1.1%: the average of the duplicate tests. K103N mutations were detected by allele-specific PCR in 5 of the 27 women (19%) included here ( Table 2 ). All 5 women with K103N resistance mutations were in the ZDV/sdNVP arm, whereas there were no women with detectable K103N viral variants in the HAART arm. Y181C mutations were detected by allele-specific PCR in 11 of the 27 women (41%) ( Table 2 ). Nine of 16 women (56%) in the ZDV/sdNVP arm and 2 of 11 women (18%) in the HAART arm had viral variants with detectable levels of Y181C. Only 2 of the women had detectable levels of both K103N and Y181C mutations.
ZDV/sdNVP Compared With HAART Results in a Significantly Higher Frequency of NNRTI Resistance
The frequency of detectable K103N and/or Y181C viral variants 3 months after treatment cessation in the ZDV/sdNVP arm was 75%, whereas only 18% in the HAART arm ( Table 2) . The difference in frequency of drug resistance in the 2 arms was statistically significant (P = 0.006, Fisher exact test). The odds of resistance was 13.5 times higher in the ZDV/sdNVP arm compared with the HAART arm, according to a univariate logistic regression model (P = 0.007, Table 3 ). To rule out confounding, we also performed univariate logistic regression with the following potential correlates: log 10 plasma viral load at 32 weeks gestation, CD4 count at 32 weeks gestation, log 10 plasma viral load at 3 months posttreatment, and viral subtype Table 3) , none of which were statistically significant predictors of resistance in these women. In addition, median log 10 plasma viral and CD4 counts were similar at baseline in women with and without resistance at 3 months posttreatment according to a Mann-Whitney U test (data not shown).
Resistance Can Persist in Women for 1-Year Posttreatment
We used allele-specific PCR to examine whether the low levels of K103N and Y181C viral variants detected at 3 months after treatment cessation were also present at 6 or 12 months posttreatment. We limited this analysis to the 14 women (12 and 2 in the ZDV/sdNVP and HAART arms, respectively) in whom we detected resistance at 3 months after treatment cessation (Table 2 ). In the 5 women with detectable K103N mutations at 3 months posttreatment, K103N levels fell below detection in 3 of the women, whereas the other 2 women (40%) still had detectable K103N mutations at 12 months posttreatment (Table 4 ). In 1 woman (ID# 654), levels were variable over time, but K103N was consistently detected in both #654 and in #629 at 3, 6, and 12 months post-ZDV/sdNVP.
Eight of the 9 women (89%) in the ZDV/sdNVP arm with low levels of Y181C at 3 months posttreatment had detectable levels of Y181C at 12 months posttreatment. In most cases, the levels of Y181C were quite stable at all 3 time points, varying at most by ;3-fold over time but showing no evidence of consistent decline. In women treated with HAART, 1 of the 2 women with previously detectable Y181C mutations still had detectable levels of Y181C variants when follow-up ended, 6 months after treatment cessation (Table 5) .
DISCUSSION
In this randomized trial, the use of short-course HAART led to a significantly lower prevalence of NNRTI resistance compared with the ZDV/sdNVP regimen (P = 0.007). To our knowledge, this is the first time the prevalence of resistance after these 2 regimens has been compared in a randomized trial. As ZDV/sdNVP is recommended in nonimmunosuppressed HIV-1-infected women to prevent MTCT per World Health Organization guidelines, and short-course HAART is under consideration, 3, 19 this study provides critical information when assessing the relative merits of these antiretroviral interventions.
In this study, detectable levels of resistance ranged from 0.8% to 14.2% of an individual's virus population and were detectable by a sensitive allele-specific PCR assay but were not detectable by population-based sequencing at 3 months posttreatment. The discordance between the results from the different assays used reflects the difference in their sensitivity: the population-based sequencing assay only reliably detects mutations that comprise .20% of the virus population, whereas the K103N and Y181C allele-specific PCR assays detect resistance down to 0.2% and 2%, respectively.
Here we show no resistance detectable by sequencing despite the fact that we estimate to have sequenced a minimum of 10-50 copies in 92% of samples tested. In addition, independent PCR and sequencing reactions were repeated up to 3 times on 82% of these samples, and the results were identical (data not shown). The fact that none of the women in our study had levels of resistance detectable with a sequencing assay is somewhat surprising. Previous studies of both sdNVP alone and ZDV/sdNVP have shown that NNRTI resistance is detectable by sequencing in 15%-69% of women at 4-8 weeks postpartum. 11 The lack of resistance detectable by sequencing in our study could result from the fact that the majority of 25 There is also some evidence that resistance is more common in women with low baseline CD4 counts and high baseline viral load, and our cohort excluded women with CD4 counts ,200 cells per cubic millimeter. 12, 26 In addition, we sampled at a time point later than previous studies, and viral variants with resistance mutations have been shown to wane over time. [26] [27] [28] [29] [30] Seventy-five percent of the women in the ZDV/sdNVP arm had viral variants with K103N or Y181C mutations detectable by our allele-specific PCR assay, whereas only 18% of women in the HAART arm had detectable levels of resistant virus (P = 0.007, Tables 2 and 3 ). The fact that the study design was a randomized trial minimizes the chances that the prevalence of baseline resistance differed in the 2 arms. The reduction in risk of resistance after HAART cessation compared with ZDV/sdNVP may derive from the fact that suppression of plasma HIV-1 RNA is consistently several log 10 greater with HAART compared with ZDV/sdNVP. 19 As a result, the levels of replicating virus during the period when drug levels wane immediately after treatment cessation is lower with HAART compared with ZDV/sdNVP. In addition, the use of 3TC in the HAART regimen, which has a longer half-life than ZDV, decreases the amount of time that NVP may be found as the only active drug in plasma after treatment cessation. The effect of a second drug during NVP cessation is supported by other studies that have shown that the addition of a ''tail'' of antiretrovirals after cessation of NVP-based treatments reduces the risk of resistance (reviewed in 31 ). Studies that included 3-7 days of ZDV plus 3TC after the use of sdNVP showed reduced rates of resistance compared with sdNVP alone. 32, 33 Therefore, it is unknown whether the addition of a ''tail'' concurrent with treatment cessation of ZDV/sdNVP would make the prevalence of resistance in the 2 regimens studied here more similar. Our data suggest that even without a ''tail'' added during HAART cessation, the presence of 3TC alone may substantially reduce NVP resistance. This may be important in cases when a tail is not applied, such as unexpected treatment cessation.
Previous studies suggest that the emergence of resistance to NVP after treatment to prevent MTCT may have consequences for women who later require long-term HAART. 12, 13 Therefore, it is important to determine whether resistance persists over time. Although data from studies of resistance using standard genotyping assays suggest that resistance to NVP wanes over time, 26, 34 studies that utilize more sensitive assays suggest that resistance can persist at low levels for more than 1 year postpartum. 27, 28, 35 Our data confirm this suggesting that in women with detectable levels of resistance at 3 months postpartum, resistance can persist at 6 and 12 months posttreatment (Tables 4 and 5 ). Of note, variants with Y181C mutations, which are more common in this cohort than K103N mutations, persisted above detection at 12 months posttreatment in over 80% of the women, with little evidence that they declined during this period. Thus, Y181C may be of particular concern in terms of its effect on future treatment options.
The data presented here provides strong evidence that short-course HAART results in lower rates of antiretroviral resistance compared with the standard ZDV/sdNVP regimen. However, the relative effects of these regimens on transmission rates remain less clear. Preliminary data from ongoing studies in Kenya and Tanzania suggest that 6 months of HAART during breastfeeding reduces transmission rates from the expected 25%-48% without treatment to 5% by 6 months postpartum. 3, 5, 6 A short course of ZDV/3TC plus sdNVP have a documented transmission rate of 6.6% at 6 months postpartum. 36 Given the imprecision of comparing data from distinct cohorts, 2 randomized clinical trials are currently underway to more accurately determine whether taking HAART during breastfeeding reduces transmission compared with standard short-course regimens. 3, 7 When considering antiretroviral strategies to reduce breastfeeding transmission, data on transmission rates must be balanced with factors such as resistance, safety, feasibility, and adherence. These issues, and the optimal approaches to PMTCT, are complex and are discussed in more detail elsewhere. 1, 3, 19 A previous study of our cohort showed that 5 of 26 women (19%) randomized to HAART prematurely discontinued treatment either due to adverse events or inconvenience, 19 suggesting adherence can be low with HAART. The current study was limited to 17 women on HAART, and we acknowledge that this analysis could be biased toward a group of women with good adherence. The reduced risk of resistance with HAART (even without an added tail) suggests that the use of HAART, although breastfeeding may have fewer implications for later treatment options compared with the combination ZDV/ sdNVP regimen, as NNRTI resistance after treatment prophylaxis has been implicated to reduce the effectiveness of later treatment with NNRTI-based HAART. 12, 13 Therefore, the data presented here should be considered as a benefit of HAART when balancing the safety, efficacy, and feasibility of different strategies currently being tested to reduce breastfeeding transmission. These data are encouraging for settings in which adding a tail of 3TC and ZDV during HAART cessation is not feasible. However, the fact that the use of HAART did not completely eliminate resistance to NVP emphasizes that, when possible, the addition of ZDV and 3TC during treatment cessation may be beneficial.
